Despite the initial excitement over cancer vaccines, the clinical effectiveness of immunotherapy has been disappointing. The suppressive milieu present within established tumors inhibits effective immune responses, although new strategies are emerging to manipulate the local tumor microenvironment and shift the balance back to a proinflammatory environment, promote DC activation, and enhance tumor immunity (see the related article beginning on page 774).
for initiation of conduction block developed using the simpler models need only be adjusted, not discarded, when considering a more anatomically complex model. This result builds on previous studies by this group and by others in which simple onedimensional models of cardiac fibers have been extended first to two-dimensional sheets of cardiac tissue and then to threedimensional slabs (Figure 1 ). The present study extends these models further by incorporating important aspects of gross and microscopic cardiac anatomy, including regional differences in fiber orientation. Despite the increased complexity of the anatomical substrate, the role of APD restitution in the development of VF remains intact, in that steep restitution is necessary for the initiation of wavebreak and for the disintegration of a single spiral wave into multiple wavelets (see Figures 4 and 6 from Xie et al. [ref. 14] ).
Although the results of Xie et al. underscore the importance of electrical restitution for the development of VF in a more anatomically correct heart, the next set of questions inevitably arises regarding the potential impact of anatomically related electrophysiological features of the heart that were not included in their model, such as transmural and base-to-apex gradients of electrical properties, the presence of a His-Purkinje system, microscopic muscle bundle architecture, etc. The relative impact of cardiac contraction, the autonomic nervous system, and the anatomical, electrical, and mechanical remodeling that occur in response to the demands created by various forms of heart disease also remain to be addressed (Figure 1) .
Although the prospect of accommodating all of the complexities cited above into a single model of the heart might seem daunting, such models are under development by several groups (e.g., see refs. 15, 16) , and with the exponential improvement in computing power over time and the healthy interest of biologists and computer scientists, such problems promise to become tractable. It will be interesting, however, to discover how much better we understand the development of ventricular arrhythmias as layers of complexity are added. Perhaps we will be able to look back on the present state of the art and find that all of the important pieces already were in place -or perhaps not.
The balance between host antitumor immunity and tumor escape Therapeutic vaccines that have targeted established disease in cancer patients have not been successful in eliciting significant, long-lasting tumor regression. Over the last several decades most attempts to vaccinate against cancer and generate an antitumor response have been in patients with measurable tumors, and the clinical endpoint of such trials has been to evaluate a reduction in tumor burden. The inability to effectively decrease tumor growth with active immunization is most likely due, in large part, to an unfavorable tumor microenvironment incapable of propagating a robust immune response (1) .
The defects in the tumor environment are many ( Figure 1 ). The tumor itself can secrete a variety of substances that will depress or inhibit local immunity, such as IL-6 or TGF-β, which can stop the proliferation of antigenspecific T cells. Tumors can lose the expression of both MHC and costimulatory molecules, making them invincible to T cell attack (2) . The tumor microenvironment can also be adversely affected by the phenotype of local infiltrating T cells. T cell subsets that limit the generation of tumor-specific immunity are abundant in cancer patients. Investigations of preexistent tumorspecific T cell immunity in patients with renal cell carcinoma have demonstrated that those patients living with disease were more likely to have tumor-specific Th2 responses, whereas those patients with no evidence of disease, i.e., successfully treated, were more likely to have Th1-specific immunity directed against renal cell cancer antigens (3). Furthermore, CD25 + T regulatory cells are abundant in both the peripheral blood and tumors of patients with cancer (4). These regulatory T cells have been shown to dampen the proliferation of cancer-specific cytotoxic T cells by direct contact with antigenprimed T cells and through elaboration of immunosuppressive cytokines such as TGF-β (5). The active inhibition of a local inflammatory response by T cell subsets adds to the immune inhibitory cytokine milieu that characterizes most human cancers.
The local tumor environment may suppress DC function and promote tolerance
The definition over the last decade of a multitude of tumor antigens has underscored the importance of creating a proinflammatory immune response to eradicate cancer. The majority of tumor antigens identified have been self-proteins, and tolerance has emerged as an important mechanism of tumor immune escape. Thus, methods of generating anticancer immunity must focus on the initiation and maintenance of an inflammatory environment complete with APCs potent enough to stimulate naive T cells, i.e., DCs (6, 7) . The potential of DCs in eliciting antitumor immunity has been an area of intense investigation. DCs are unique in their expression of important costimulatory molecules, the elaboration of proinflammatory cytokines, and the ability to process and present self-antigens ( Figure 2) . The clinical application of DCs in the form of cancer vaccines, however, has been only moderately successful (8) . The majority of clinical approaches have used ex vivo-derived DCs to elicit tumor-specific immunity. However, cultured DCs have demonstrated poor homing to lymph nodes once injected in vivo, inconsistent processing and presentation of antigen, and, depending on their maturation status, the ability to either enhance or inhibit the generation of tumor antigen-specific immunity (9) . In this issue of the JCI, Furumoto and colleagues present a novel approach to overcoming the limitations of ex vivo-derived DCs and in doing so outline a strategy potent enough to influence the local immune microenvironment in an established tumor, which supports the initiation and propagation of an effective tumor-specific immune response (10). They demonstrated that the local presence of CC chemokine ligand 20 within immunogenic CT26 tumors attracted a large number of DCs to the tumor site and could mediate tumor regression. However, poorly immunogenic B16 tumors were not rejected unless local CpG was also injected. This provides a method for manipulating both the number of local DCs and the local environment, resulting in effective tumor immunity.
Manipulating the local tumor environment may promote DC activation and enhance host immune responses
Stimulating DCs in vivo may allow natural maturation and retention of their most potent functions and represents a more Tumors may escape immune detection through a variety of mechanisms that create a local microenvironment unfavorable for effective tumor immunity. Local DCs may be immature and unable to take up, process, or present antigens. These DCs may also be inhibited from migrating to regional lymph nodes or may actually induce tolerance, especially when presenting self-antigens. The tumor site may also be infiltrated with regulatory T cells that are able to mediate suppression of antigen-primed T cells. The helper CD4 T cell response may also be skewed toward a Th2 phenotype, which inhibits the initiation of Th1 T cells and effective cellular immunity. The tumor cells may express aberrant MHC class I molecules or β2-microglobulin, resulting in inadequate antigen presentation and, thus, inefficient recognition of tumors by effector T cells. Finally, tumor cells and the surrounding stroma may release a number of suppressive cytokines, such as IL-6, IL-10, and TGF-β. This creates an environment that is not conducive to local immunity, which allows tumor cells to escape.
rational approach to immunotherapy. The migration of DCs, as well as other immune cells, is mediated by chemokines through a concentration-dependent process attracting cells to sites of chemokine secretion (11) . Recent evidence suggests that chemokines induce motility, and possibly other proinflammatory and activating processes, through the selected expression of specific membrane receptors (12) . These receptors may be differentially regulated during different stages of cellular differentiation. For example, immature DCs circulate through peripheral tissues where they can acquire antigen at sites of inflammation. As DCs mature, they increase their expression of the CC chemokine receptor 7 (CCR7), which directs their migration to regional lymph nodes where constitutively secreted chemokines attract mature DCs via the CCR7 receptor. Since naive T cells also express CCR7, the nodal chemokines orchestrate the co-localization of antigenpresenting DCs with T cells, thus increasing the likelihood of DC-T cell interaction and T cell priming.
Several animal models have already demonstrated that chemokine expression within tumors can induce the migration of T cells and APCs to those sites and can mediate modest antitumor responses (13, 14) . Thus, local expression of chemokines can alter the types of cell present within tumors. Once appropriate cells are mobilized, they can be further activated or expanded by the use of other potent immune stimulatory molecules, such as cytokines and costimulatory molecules. In the case of DCs this allows for uptake and presentation of tumor antigens directly from established tumors, avoiding the need for defined antigens. Furthermore, the DC can be activated at the site of maturation through the co-expression of local costimulatory molecules, proinflammatory cytokines, and Tolllike receptor (TLR) agonists (Figure 3) . The ability to manipulate the type of cells, their maturation status, and functional activity at specific sites may introduce a new therapeutic strategy for manipulation of host immune responses against tumors.
Immunization in the setting of cancer prevention or even in minimal residual disease is now beginning to demonstrate that if the immune-dampening effects of the tumor microenvironment are not operative,
Figure 2
DCs exist primarily in two distinct phenotypic forms. Immature DCs are able to circulate through peripheral tissues and sample soluble antigen and possibly necrotic or apoptotic cells. These DCs express few costimulatory molecules and are unable to prime T cell responses. Once DCs begin to process and present antigen they "mature" into a more stellate shape capable of presenting antigen and initiating an adaptive immune response. The presence of TLRs allows the DC to recognize common molecular patterns found on a variety of pathogenic organisms, so-called pathogenassociated molecular patterns. TLR signaling is thought to represent a major mechanism of innate immunity and is another process that results in APC conditioning and release of proinflammatory cytokines. Maturation of DCs also results in increased expression of MHC, costimulatory molecules, and chemokine receptors that direct DCs to regional lymph nodes where they are more likely to encounter their cognate T cell and are able to prime T cell responses.
Figure 3
Following successful immunization, the tumor microenvironment is dramatically altered. DC maturation occurs, and the DCs are induced to express strong costimulatory molecules able to effectively prime CD4 and CD8 T cell responses. When CD4 T cells are skewed to a Th1 phenotype, they further promote T cell priming and alter the local cytokine environment by releasing proinflammatory cytokines, such as IFN-γ and IL-12. This environment is favorable for tumor cell recognition and results in tumor rejection.
cancer vaccines may have clinical impact. Koutsky and colleagues have reported that immunization of young women with a vaccine targeting human papillomavirus (HPV) 16 protects not only against the development of HPV infection, but most likely against the development of cervical intraepithelial neoplasia (15) . Furthermore, a recent randomized Phase III trial demonstrated that patients with melanoma whose disease had been completely resected and who bore specific HLA immune phenotypes could be immunized with a cell lysate-based vaccine, resulting in a significant survival benefit (16) . The deliberate manipulation of local immune responses through the use of highly specific molecules and delivery vectors has been able to promote immunemediated regression of established and poorly immunogenic tumors in mice, as evidenced in the article by Furumoto and colleagues in this issue of the JCI (10). This represents an exciting new strategy for the treatment of human cancer and warrants renewed interest in clinical trials to determine the full potential for these approaches in cancer patients.
